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A ~CALMETHCXDFCIR ~OE OF H3DN2DYNWIC CHARACTERMIZCS

OF SEECIFIC ELY3ZWBCMTS FRCM COLIW?SED REsu13?s

OF C&$NEMLTEEZCS(lFFL YINGWAT-3ULL MODEIS

By F. W. S. Mb, Jr.

This report presents a simple and rapia mthod for interpolating
the hydrodynamic characterlstics of specific flylng boats from a
chart presenting test z%suits in collapsed form. The ~thod is
graphical and will allow interpolation of the hydrodynamic characte~
istics for any conW.ne.tionof load or aerodynamic characteristics.
To obtain the water resistance SM yorpoislng chemcterist ics of
one specific case requires about 20 or 30 minutes’ work. St is
%elieved that the rapidity with which interpolations may be made
will open up the way for comprehensive design studies of the
influ9nce of verlous factors on flying+mat peflomenoe.

IXTRODU%CON

The general type of test to determi~ the hydrodynamic chemo-
teristics of fl-oatiull models has been In use for som tlm.
It has proved to he en exceedingly pcnrerfultool for comparing the
hydrodynamic chsracteristice of various hulls independently of any
*sum9d air structure. However, $he general test has several
important disadvantages, which are:

1. A large smount of t- is involved In accumulating the
necesssrily large amount of data.

2. A large nuniberof cherts are required to present the results
of tests of one model; this mekes comparison between dtfferent hulls
awlmmrd end t* consuming.

3. The interpolation of the characteristics of specific designs
is so ti~ consting e-ato mske the cost of thorough design studies
of the effect of variom factors almost prohibitive.

—



2 NACA TN ‘NO. 1259

A lar~ snlountof effort has been spent in overcoming the
first two objections. Wthods have been developed (references 1
to 3) so that pjmeral teets of resistance, porpoising, and the
main spray characteristics can be made slmost as quicklY as a
speclflc test. The reduced number of results of all three types
of tests are presented in collapsed form on a single chart
(see fig: 1, for an example) which covers all practicable con+
binati.onsof load and ge-way speed and thus retains the advan-
t~s of the general test for comparisons independent of aer-
dynemic characteristics. A large number of these hydrodynamic
sunmary charts maY be found in reference 4.

The third criticism mentlcmed may well be the most important.
A short survey of the literature reveals that only four design
stud~es of the effect of various hydrodynamic factors on the
performance of flying boats have been published (references 5
to 8). There are a number of others which give little or no atten-
tion to the inflwnce of the hull on performance. Of the four
design studies nxmticaed, only the last, by Olson and Allison,
may be considered to be at all ccarprehensive.This paucity of
desi~ studies may be taken as a cleer indication of the excesstve
tirm required to determine enalvtically the charaoteristfcs of
individual hulls as applied to specific aircraft. It is the
purpose of the present report to attempt to overcom this diffi-
c~ty by presenting a simple and rapid method for the interpolation
of the hydrodynamic characteristics of any specific flving-boat
design from the type of chart previously developed showing the
results of general tests in collapsed form.

The proposed nwthod might be considered as en adaptation of
slide-rule technique. It consists essentially of plots of constant-
speed contours for various aerodynamic characteristics (given in
terms of the hull beam) plotted on a chart of trim against the
appropriate load-speed relation for the displacement or planing
-s. These @ots are scribed on transparent sheets which may
be superimposed on charts showing tlm hydmdvnemdc. characteristics
of hulls. The location of the transparent sheet relative to the
chart of ths hydro&mmic characteristics is controlled only by
the setting of the wing relative to the hull. The transparent
sheets were designed to cover all practical combinations of gross
load and wing design.

n

The most important disadvanta~ of the chm’t (fig. 1) showing
the results of general resistance, porpoising, and spray tests of
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one hull is that the curves ere
shape and magnitude. This fact

unfamilter to the designer In both
wilJ.,of course, seriously impede

attempted comparisons between hulls. It is believed, however; that
the interpolation system presented in this report shoult aid in
mercoming this obstacle. Yilthe past year and a U a fairly
lerge nuniberof complete interpolationshave been made, end the
tim required to get the water resistance and po~oising charac-
teristics of eny specific case appears to be about 20 or 30 minutes.
k addition to being a rapid mthod of interpolation, the si~f i-
cance of the shape of the curves end their mag&itudes in collapsed
fozm wild.assure more mmning to the desi~r through use of the
mthod . h tim the co12.apsedcurves will undoubtedly be alms-t
as easy to interpret as the more conventional types of plotting.

SYMBOLS

!l?hefollx syuibols~ wed thro@out this r8poti:

CA

C&
%
%
CM

c~

CY

CIZ

CL

where

A

%

w

b

load coefficient (A/wb3)

initial-load coefficient (&/wb3 )

resistance coefficient (R/wb3)

speed coefficient (V/@)

tr~ommt coefficient (M/wb4)

longitudinal-spray coefficient (X/b)

lateral-spray coefficient (Y/b)

verticd.+pray coeffictent (Z/b)

aerodynamic-lift coefficient (++

10aa on water, pounds

initiel load on water (gross weight), pounds

specific weight of water, pounds per cubic foot

besm at main step, feet

3
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water resistance, pounds

water speed, feet per second

acceleration of gravity (32.2 ft/sec2)

trimming moment, POUnd+eet

longitudinal position of main+pray point of t&ngency with
reference to step (positive forward end negative aft of
step], feet

lateral position of main-spray point of t~ncy, mwasured
frcm hull center line, feet

vertical position of main-spray point of tangency, mxumred
from taqpnt to forebcdy keel at main step, feet

total aerodynamic lift, pounds

wing area, sq~ feet

mass density of water, pound-seconds2 per foot4

mass density of air, pound+ebonds2 per foot4

absoltie angle of attack of wing-flap combination when trim
is zero (measured frcm zero lift), degrees

angle of zero Mft of wing wlthnspect to its own reference
line, degrees

angle of attack of wing reference line with respect to
tengent to forebody keel at main step, degzwes

T trim angle (angle between tangent to forebody keel at
mafn step and fzwe-water surface), degrees

DWl?LOPMIINTOF CHARTS

As already explained, the interpolationprocess is based on
the graphical use of special charts. The development of these
charts is based on the fact that at any speed and trim angle
during take+f f, the waterborne load of a flying boat is given
by the relation:

,

.

.*
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A= AO-L. (1)

The lift component of this relation can be put into terns of the
aerodynamic characteristics,

acL
,&-= A

o --# ’+uo)%2
2

and if both sides are divided by wb3 to obtati the
seaplame coefficienta, equation (2) will reduce to:

CA= CA-Q 5 ~ (T + ao)Cv2
o ‘2PwacLb2

This equation is not an approxirnation, but will give
on the water if the true vslues of the various terms

(2)

ususl NACA

(3)

the trus load
are subEItItuted

into it. Thus, the propeller slipstream and ground.effect can be
accounted for by the proper ad@stment to “L/b a ‘O ‘a ‘he

effect of the elevators by alteration to a.. Other changes of the

aerodynamic characteristics csn be similarly

Displace~nt Range

liIthe displacement renge, by.following
reference 2, equat3.on(3) may be transformed

taken Into account.

the reasoning of
to

1/3 - (4)
m }

From this relation, contours of constant velocity on a chart of

Pabsolute sngle of attack aga~st +2 CA1 3 can be constructed for

dCL S
Specific Palues of the product — —

da #?

Such a chart is shown in figure 2, which

—

for any‘givenvalw of CAO ●

was constructed for C.
A.
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equal to unity for simplicity In converting it for
values of c

f%”
It will be noted that when the absolute angle

(T + ao) is zero there is no wing lift, and hence

~A~ ,TNNo. 1259

use with other

of attack
at any speed

the load on the water must then be the static displacement. The
values of ~ Correspmlding to any value of CA other than

that for which figure 2 was constructed can be d%ermlned by
mul.tIplying the values of ~ shown by the sixth root of the

particular c
f%

under consideration.

Further, it will be seen that if the definlticms of the coef-
ficfents are substituted In equation (k) the beam will drop out
completely. Thus, for the chart in figure 2, It becoms necessary

to use
s

also on the basis of CA = 1.00. This
p o

by calculating the beam which would give a valw of

for the weight under consideration. A simpler step

the beam and substitute S/(&/w)
2/3

for use in

this has been done in figure 2.

A study of reference 9,showed that

and 25 for most flying boats, with a few
aa M. ‘fnce “L/b ‘iii be ‘-wtin

designs, the charts were constructed for

s— was
~2

Wly be done

%. of unity

is to remove

the paramter;

usually between 15

as low as 10 end as high
neex 0.100 for most Aern

a rsnge of the product
dc~ s

= (Ao/w)2/3

of frcm 1.0 to 4.0.

Planing Range

In the planing range,.agafn by following reference 2,
equation (3) becomes

I

J “L

= &.pa ‘CL S
CAO — — — (T + ao)~2

CA 2~dab2
—.

Cv Cv
(5)

—

.

.
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contours of constant velocity on a chart of absolute angle of

TA
against CA may be prepsred for specific values of the
Zn
“% s

product — — -CA. Figures 3 to 5 show such charts constructed
da b2 o

for CA = 1.00.
.-

The reason more than one chart was prepared for the
o

planing range was to prevent too much overlapping of the various
contours. If the definitions of the coefficients are substituted
into equation (5), it will be found that the beam will not drop
out as it did from equation (4). Hence, the values of S/b~ used
in reading the charts will be the specific ones under considerateion.

If a value of C
%

other than unity is under consideration,

it is again necesssry to convert the scale of ~ at the bottom

of each of these charts by multiplying by the square root of the
particular CA. This accomplishes conversion %ecause at zero

o
ehsolute -e of atte~k the wate&borne load iS the static gross

weight, and is, of course, lamwn.

Before either of the charts for the displacement of planing
-s MaY be Comeniently used for interpolation, transparent
copies should be prepared. This Is most simple to do by making
a photographic fIlm positive.

USE OF CHARTS

The charts just described can be used to interpolate the
hydrodynamic characteristics of any proposed seaplane or flying
boat from a chart showin~ the collapsed results of general tests
of a particular model. Each type of interpolation will be described
separately, but certain steps apply to ell types.

In the displacement range, the trim track is fl~d by the
assumption that the sum of the available moments is not large enough
to allow deviation from the free-t-trim track. Hence, the first
step will $Lways be to find the trim intersectionwith the constsnt-

speed contour, at which point the value
/

1/3of CV2CA maybe found.

Since ~ is lamwn, CA can be found.
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In the planing range, the available moments are usually large
enough so that my trim track within reason may be assumed. However,
it is wcesssry to assure som3 trim track. Whenever stability limits
are given, it till naturally be desirable to keep the assunwd trim
track withfi the range of stable trim. BasiceUy, there are four
dfffererrtapplications in which these charts may be used, and each
application till be described individually in detail.

Effect of Wing end Flap Setting

Suppose the hull beam, gross weight, end wing characteristics
have been selected by the designer from other considerations. The
effect of the setting of the wing relative to the hull and the flap
relative to the wing can be determined as follows:

In equation (3) the only term that will be effected if the
angle of the wing or the flap setting Is altered is (T + so).

Changing the flap setting only will change the angle of zero lift
of the w~flap combination and the velue of C

L
but will

/
not affect the lift rate dCL da, at least to a very good first

approxhe.tIon. Hence the first step is to determine the value
of ~ for the assmd aerodynamic characteristics.

In the displace~nt range, the speed scale at the bottom of
the chart must be converted by multiplying the values of

1/6
CT

shown by the p#tfCUt~ VdWS of CA- . N&t, the VdUe

of (dC~da) (S/~/w) 2/3 must be cslc~ated. The transparent

displacemmt-rsnge chart is now laid on top of the chart of the
hull characteristics so that the velue of a. comesponds to zero

trim. Start with the lowest speed and find the value of ~2/CA1f3

at the intersection of the appropriate constant-epeed curve & the
transparent chart with the free-to-trimtrack having the same load
coefficient as the chosen CA . Next, celculate the value of CA;

o
it should be very slightly less than CA but close enough to it

o
so that a second triel will not be worth while.” Use the next speedj
and detemine the value of ~2/CAl/3 at the fntersection of the

constant-peed contour with the free-to-trim track for the vslue
of CA found at the previous speed. Again, the new value of CA
should be slightly lower than the assured velue. Repeat at increasing
speeds by using at each speed the value of CA found at the preceding

.

.
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speed for interpolation purposes. It will ofly rarely be necessary
to make a second trial at aqy speed.

/

Finally, for the various values

2 CA1’3 find the v~u.es ofor ~ C~C#CA2’3 at the proyer value

of CA. Since both ~ and CA are bown, ~ can be found.

In the planing~, multiply the velues of ~ shown at the

2./2. Aft= USi%bottom of the appropriate chart by the specific CA

0 dcL s
the specific value or S/b2 to find the parameter ——— lay

da 1#
the transparent chart on top of the chart of ths hull characteristics
ti tb PI- range so thd thS ChOSen value of a. COrrOSnOndS with

the zercstrim angle. Find the intersection of the appropriate constant-
speed contour with the trim track under consideration and read the

value of ~~~ occurring at the ~tersection. Stice ~ is known,

the value of ~ cen be found, and it should especially be noted that

it is not necessary to find CA. If general stability limits are given,

the intersection of the constent~peed contours will allow the ‘construe- —
ticm or the speciflc limits.

—

The entire yrocess may be repeated for other values of the wing or
flap setting by mrely shifting the relation of the transparent chart
having the constsnt-speed centours to the chart of the collapsed resuits
of general.tests. At any given value of a., the curve of ~

against ~ represents a large number of wing-flap-setting combinations.
However, the total air-@us+7ater resistance will de~nd to a large ●

extent on the flap setting. Thus, if the water resistance is calculated
for several values of uo, it may be used in conjunction with quite a

large variety of flap settings, provided, of course, that the stall is
not exceeded in any case.

Effect of Hull Size

If the weight, the wing area, ahd the wing setting are assure d,,
then the effect of various ovez%all hull sizes (that is, with constant
length-bean m.tie) c-’ be fomd in the following manner:

Sn the displ.acemnt range, find S/(~/w)2/3 and retain this

valus for all hull sizes under investigation. Each value of CAO

—
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will alter the values of ~ appearing at the bottom of the trans-

parent sheet of constant-sped contours, since they must be multIplied

1/6 Howver, the actual speed inby the p~iCti= Vd.UeS Of C
%“

feet per second for a given nominal value of ~ will not be altered

by this process. In the planing range, on the other hand, the

specific Values of s/b2 must be calculated for each hull size.

The nominal values of C?V
1/2

should be multiplied by the s~c ific CA
o

for each hull size, as previously explained, and the actual speed at
each nominal value of Cv will be altered.

Place the appropriate transparent chert of constsmt-speed
contours on top of the chart of collapsed hydrodynamic characte%
istics so that the assumed value of a. coincides with Zer-trim -

angle. From there on, the interpolation is ~ust the same as under
Effect of Wing and Flap Setting.

.

If the weight,
the wing size (that

Effect of Wing Size

beam, and wing setting are lmown, the effect of
is, wing kading) can be determined as follows:

In the displacement range, find the value of (Ao/w)2/3. Use

this valw in each particular S/(A@)2/3 to be investigated.

Since the value of..CA will not change from case to case, the
o

speed scele on ths transparent chart need be altered only once by

multfplying by the particular value of CA 1/6.

o
~ the plemfng range each specific value of s/b* must be

calculated for each wing. The speed soale, however, requires
only one cmversion, depending on the inftisl choice of hull beam.
Otherwise, ‘theinterpolarion procedure in both the displacement
end the planing ranges is the sam as befo~. -

The effect of wing aspect ratio alone may be investigated bY
sltering dC~da alone. All the other constants remain unchanged.

.

.
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Effect of Weight

With hull size, wing area, end wing eett~ fixed, the
designer cen investi~te the effect of changes of ~oss weight
in the following manner:

Find S/(Ao/w)2/3 for each case under consideration, end

each time the weight is altered, convert the speed scele by multi-

plying by

range, the

though the

1/6 in the dis@acem3nt renge.
CAO Irithe planing

2 til nOt C- with ChaIl@S Of CAO,Value of s/b

scele of CT must be altered each th by multiplying

by the square root of the p~icular value of CA-. Except for

these differences. the interpolation procedure is the S- as
previously under Effect of Wing and Flap Setting.

Miscellaneous

Each of the important items was considered as being altered
independently of the others. There is, of course, no reason any
desired conibinations of these items may not be used. Further, if
it is desired to assme that the flap sngl-echanges with speed,
as a~arently has been found desirable in scm previous c~cula-
tions, it may be accomplished quite simply by shifting the relation
between the transparent constentipeed+ontour chert and the CM
showhg the collapsed resuits of the general tests as the speed
changes. .

The constsnt-spee~~ ontovr cherts have been drawn with the
assumption that the wing does not stsll. Natmdly, this is
never the cage, though usuelly the wing settimj will be chosen
so that the stell does not occur at possible trim angles while
the flving boat is on the water. If it should becme necessdy
to consitir the effect of a stelled wing. one rather simple tvm
of stall csn be easily considered. The following sketch shows
the lift curve having a “flat.-top”stall. The c-8 ~re
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constructed with the assumption that the lift continued along the
dashed line. The apparent value of a at C csn be determined

CL

,

Absolute angle of attack

in the manner fndicated. At absolute‘anglesof attack greater than
this VdU8, the constant-speed contours will be vetiical straight
lines, since the load on the water does not change with increasing
trim. It seems.possible that a good many t~s of stall can at
least be approximated in thts mnner.

The effect of power and the propeller slipstream can also be
Included if their Influence on the aerodynamic lift characteristics
is lox$wn. From the results presented in reference 10, power has
quite a lsrge effect on CL-S dCL/ti, ad the singleof attack

for zero lift. If at all possible, an effort shotid be made to
allow for its influence on the aerodynamic chemcteristfcs.

In the plening range, it is possible to perceive readily the
“best” trim on the charts showing the collapsed results of generel
tests. The petit of tangency of a vertical straight line (constant
load at constant speed) to a ~~CV contour will be the best

trim as camuonly used In NACA publications. The trim of lowest
water resistance of a hull and airplane ccmibinatbn will be higher
thsn the best trim of the hull alone because of the decreasing load
on the water with increasing trim due to the wing Ilft. It should
be noted that the trim of lowest water resistance for a specific

.

.
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desi~ will be found at
constant+peed contour.

Cv

Trim of

I lowest
water

Trim

the tangenty of the appropriate specific
The “optimmu” trim, at which the sum of

constant

/“

/-

/0/

f
resistant ‘[e Best trim

/
i
\

/

\
\ \ G)C Cv constad\ -. -\. -

J=//cv

the air and water resistance of a specific design is minimun, will
be somwhere between these two. It seems ll&ly that for most cases
the optimum trim will be close to the best trim. ~is will, of
course, depend on both the assumed aerodynamic characteristics and

Cd
m the shape of the constant C ~ contours.

Finally, in the displacement range, extrapolation to loads
outside the ranges tested can lead into serious errors unless done
very csrefully. It is likely to be more criticsl to extrapolate
to loads greater than ‘to loads less than those investigated.
Because of this danger, the curves in the displacement ran& ere
labeled for the values of the load coefficients at which the tests
were made ● In the planing range, the values of CA

investQated

are not shown because
diecrepanctes.

extrapolateion is much less likely to introduce

SAMPLE MLCUIATIONS

In order to aid in understanding the interpolation process,
two sample calculations of the water resistance have been prepared.
They have not been carried through to find take+ff ti~s and
distances since this report is not concernea with a design study.



FlyhgB oat A

It is assmed that the designer has
or another, the following information:

.
A. .

s.

b=

/
dCL da =

15,000 pounds

X6 squsxe fee-b

~.~ feet

0.068

specified, for one reason

and wishes to lmow the effect of the wing setting on the take-off
performlxnce of the flying boat when wing a hull having the lines
of NACA Model No. 8&E!?-3 (reference 11). The aerodynamic charac-
teristics of the assured wing sxw shown in figure 6. ll?hisflying
boat has characteristics similar to seaplane “A” in reference 5.

In order to avoid confusion, specific interpolation charts
were prepared for this flying boat end are shown in figure 7.
They may be used only when all.the characteristics are as given
in the precedi~ psragraph. The use of the general interpolarion
charts will be described in the next calculation.

For the beam and load specified, the static load coefficient
10° the calculations shown in table I wereis 0.500. For a. = ,

made as follows:

Displacement ran~.-

1. A transparent copy of figure 7(a) is laid on top of the .
displacenwnt-rsn~ curves for NACA Model No. 8KEF-3 in figure 8
(in order that the process can be more easily followed, the
constent+peed contours were traced off and appear as dashed
lines), so that the absolute angle of attack of the wing-flap
conibinaticnis 10° when the hull trim is zero.

2. At zero speed the trim @e is found to be 2.4° for

CA
= o.~oo.

3. At the intersection of ths constsrrt-speedcontour at
10 feet ~r second with the free+ c-trim track for CA = O.‘j,

the trb is foti to k 2.~“ W ~2#A1/3 ‘-‘-X-

.

.

.

P
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k. Since ~ is known, solving for CA gives 0.496.

~. At the intersection of the constant-speed contour at
20 feet per second with the free-to-trim curve for CA = 0.496,
the trim is found to be 6.00 and ~2\CA1/3 = 2.04.

6. Since CV is known, solving for
CA

yields 0.481.

7. Repeat this process at each speed, find~ the load
coefficient end the trim angle. The trim curve shown in
figure 9 was found by the interpolation process ~ust described.

15

8. At 10 feet per second, %2/A”3 = 0050
value the unique value of @#A2~3 ,S found

9. Since both CV end CA are kxmwn, ~

M 0.008.

10. At 20 feet per second, 2 c 1/3 = ‘.”4
/CV A

11. AS %oth ~ and CA are M-, solvi~
i

and at that

to be 0.0345.

maybe found to

“d
C@A2/3 = 0.062.

. . 1
for ~ gives 0.062.

12. At 35 feet per second and higher,
d
C ~%A2/3 must be inter-

polated for use of the previously found value of the load coefficient.

Planiruzranm .-

1. A transparent copy of figure 7(b) is laid on top of the
collapsed planiner~ curves for NACA Model No. &#!3?-3 of figure 8;
so that the absolute an@e of attack of the wing-flap couibhation is
10° when the hull trim is zero. (Again, the speed contours were
traced off and appem as dashed lines.)

2. Before proceeding, some arbitrary trim track must be assumed.
The one shown in ffgure 8 was selected on the basis of the following
considerateionE:

(a) Even though stability limits are not available, it
would probably lie in the range of stable trims.

(b) It is at trims which are within the range of available
control moments.
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3. At the intersection of the constant+peed contour at
35 feet per second with the ass-d trim curve, read

Tw Cvequal to 0.148.

‘4. Since ~ is lumwn, solving for ~ yields o.1o6.

5. Repeat at as many speeds as desired.

Finally, a plot of the interpolated values of trim and
resistance coefficients is shown in figure 9. The VS2WS of trim
and CR below ‘jOfeet per second, which were interpolated from

the plenlng range, are considerably higher than those interpolated
from the displacement range. The former should be abandoned, and
the reason for this lies In the msmner in which the collapsed curves
in planin&range charts were prepsred. The two charts in f@re 10
are auxilisry chs&ts used in preparing the final chart. It will
be seen that at large values of \~~cv (that is, low speeds end

high loads) the curves used in preparing the final chart are really
envelopes. It will further be noted that there 5.sa smell region
In which neither type of collapsing criterion works well. The
extent and the location of this region depend to a very large
degree on both the hull lines and the trim @e. However, the
difficulty it introduces may be overcoti by ignoring the interpolation
from the planing range when it gives a higher trim or resistance than
the interpolarion from the displacenwnt rangp at the same speed.

The interpolations just described were repeated for a. equal

to 8° end 12° by first shiftIng the transparent chart downward ,2°
relative to the chert of collapsed hydrodynamic characteristIcs
and then raising it 2°. The results are also shown in table 1.
The planing range was not Interpolated from 35 to 45 feet per second ‘
for these two additional wing settings because of the reasonln~ .@ven
in the precedtm paragraph. From table I it will be seen that a.

has its lsrgest effect at htgh planing speeds. However, without
adding in the air drag, it is impossible to predict the vslue of a.

that will give the best t+-off time. The chart in figure 6 showing
the aerodynamic characteristics of this flying boat indicates that
a flap angle of 15° is likely to give the best take-off time because
of the high C

L
in combinaticm with low drag. It would probably

●

be sufficient to calculate the take-off time for three flap angles
at one value of a. snd the best for the other vsluss. These steps

were not taken because the designer 3s already quite fanlliar with them.
.

.
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Flyi~, Boat B

A flyin~boat-hull desi~r 3s given the following specifica-
tions (which are similar to those of the ~2!l):

A. = lM,000 ~OUIldS

s = 3,500

a= 8°
0

d
d.c da= 0.100

and wishes to find the effect of

square feet

hull size, when using SIT Model
No. 339-1, on the resistance, porpoising, and main spray blister
characteristics, with the aid,of the general interpobtion charts.

Displacement ramge.-..——..

1. The first step is to calculate s/(~/w)~/3, which for the

assured yarticulsrs will be 20.75. Multiplying by the lift rate,
dc+a= 0.100, gives 2.08, endthisvslue willbe used for the

interpolation of all hull sizes in the displacement renge. The
entire calculation may be found in table II.

2. Assume that the beam equals u.83 feet, which will make

1~6 = 1.050.
CAO

= 1.331 and CA

3. Tabulate ho for CA = 1.00 from the bottom of the chart
o

in”figure 2 and multiply each vslus by 1.050 to obtain the second
column in table II. The second column represents the true velue
of ~ for the selected.beam. ,

k. Set a transparent copy of the general chsrt of constant-
&peed contours in the displacement range (fig. 2) on top of the
collapsed displace~nt-renge curves for S33?Model No. 3394 in
fIgure 1 so that the absolute angle of attack of the win~flap
combjn.ationis 8° when the hull trim is zero.

5. The interpolation of the trim and resist~nce is then Just
the sam as for Fl@ng Boat A described under SA1.~ CALCULATIONS -
care being emphasized to interpolate for a constsnt-speed contour

of (a%p+~/@o/w)2@ = 2.08.
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// 136. Since %2 CA is known,

1 3 @ c~/c*.
di

cues read C CA, , ,+

NACA TN NO. 1259

from the oollapsed spray

Because it is probably of

less interest C~CA’13 has been omitted

7. Since CA is known for each speed,
determined.

Planing ran&l.-

In the present instance.

~ and CZ may be

d2 and multiply it by dC dcc.i. Calculate S/b The result

is 2.50 for the assured beam of u.83.

2. Tabulate ~ for CAO
= 1.00 and multiply each value by

1/2
CA } whfch is 1.155, to &t the specific values of

Cv
for

o
the selected beam.

3. Take a transparent copy of the appropriate general chart
of constant-speed contours in the planing range (fig. 4) and set
it on top of the collapsed

P
n*remge curves for STT Model

No. 33+1 so that ~ is .

4. After Select@ the trim track for zero applied monwnt, since
it lies between the stability limlts, read the velue of ~~~

and the trim at the Intersoctlon of the assured trim curve with the
constan~ped contour (dCL/da)(S/b2)= 2.50. At the same ti~,

the intersection of the general stability limits with the same
constsn~peed contour will give the trims for the specific upper
and lower limits.

5. Proceed as for Flying Boat A.

Tables III and IV show the calculations for two increased hull

eizes. h ,thedisplacemmt rsnge Si(Ao/W)
2/3 was not chsnged with

changes of hull size. However, CAO does change end hence the

.

specifIc values of ~ also c-e. In the planlng range, the

value of S/b2 must be c~culated for each hull size investigated.
The spscffic values of ~ must be altered because of the changes
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of CAO“ Othemrlse,

disrilacementand the

19

the interpolation procedm in both the

plani~ r-s is just the seam as previously
outlined. To find the beam which will give the best tak&ff ti~
will.requixw the addition of the aerodynamic drag and then a
conventional tek-off-t * celculation. The spray information may
be used to find the necessary hti height to allow proper clesxance
of the wing and the propellers. After the height has been found,
the aerodynamic drag of the hull may be calcuated. In order to
find optimums, it m9y be necessary to investigate edtiitionelsizes --
between those shown.

*

Sample calculations to shuw the effeet of elterations of wing
size or the effect of changes of gross weight have not been prepered.
It is hoped that the notes under USE @ CEAliTS,in combination with
the two calculations e3ready shown, will be sufficient to make the
process of these other interpolations cleer.

CONCLUDING REMARKS

A simple and rapid mthod for the interpolation of the c~c-
teristics of specific flying boats from the collapsed resuits of
general tests has been developed. The method should aid cor.siderably
in making detailed design studies to detemine the influence of the
hull on flyin@mat performance. Thro@ use of the interpolation
method, the sha~s and the magnitudes of the collapsed curves of
gene,ral.tests should acquire more meaning to the designer.

Design Research Divlslon
Bureau of Aeronautics, Navy Department

Washington, D. C., September 25, I-946

.

.
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MOOEL No. 84- EF-3 ~ ~. 0.46 b FWD.OF GENTROID & ❑
(NOMINAIJ TESTED AT NACA No. I TANK

MODEL BEAMI 15.92” “ “ 1.16 b AEOVEKEEL ~~= DATE # 3/39

THIS CHART ILLUSTRATES THE INTERPOLATION PROCESS
FOR

ONE SPECIFIC FLYINGBOAT

FLYINGBOAT“A”
dQM90.068&=l~OOO Ibs.
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WINS: SEE f16URE 6 NnERFULATEO GURWS OF TRIM AND CR
HULL: NACA 84-3
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